Abstract
INTRODUCTION
Physical therapy (PT) during perioperative care for patients undergoing lung cancer surgery aims to reduce postoperative pulmonary complications (PPCs) [1] [2] [3] . Preoperative PT consists of assessment, education and exercise training, whereas postoperative PT includes upright positioning, early ambulation, breathing exercises and sputum clearance techniques. However, the appropriate timing, location, content and duration of PT remain controversial because of a lack of scientific data [4] .
Several studies have reported positive impacts of perioperative PT in lung cancer patients in terms of reducing PPCs [5] [6] [7] [8] , but the efficacies were inconsistent because of the small numbers of patients included in the studies or because of differences in interventions and definitions of PPCs among the studies. Previous studies showed that PT based on exercise training for several weeks before lung cancer surgery may improve pulmonary function or exercise capacity [6, [9] [10] [11] [12] . However, whether these improvements in functional capacity before surgery led to a reduction in PPCs was unclear. Furthermore, routine use of PT for a relatively long duration before surgery may be difficult for lung cancer patients, because neither patients nor providers want to delay surgery [5] . The effect of postoperative PT on PPCs also remains controversial [7, 13] , although its routine use, including early ambulation, has been widespread [14] [15] [16] .
Lung cancer surgery is generally performed a few days after admission. However, it remains unknown whether preoperative PT for a few days after admission combined with postoperative PT may improve patient outcomes compared with postoperative PT alone. To the best of our knowledge, no study has examined the effect of short-term preoperative PT combined with postoperative PT on postoperative mortality or the incidence of PPCs in patients undergoing lung cancer surgery.
This retrospective cohort study aimed to determine whether preoperative short-term PT combined with postoperative PT could effectively reduce 30-day mortality or the incidence of PPCs in lung cancer patients, compared with postoperative PT alone, using a large-scale nationwide inpatient database in Japan.
MATERIALS AND METHODS

Data source
We used data from the Japanese Diagnosis Procedure Combination database from 1 July 2010 to 31 March 2015. This is a nationwide inpatient administrative claims and discharge database implemented in Japan [17] . Discharge data for approximately 7 million inpatients were collected in the database in 2012, covering about 50% of all acute care inpatient hospitalizations in Japan. All 82 academic hospitals in Japan are obliged to participate in the database, whereas participation by community hospitals is voluntary. The database includes the following patient information: age; gender; main diagnoses and comorbidities at admission and complications after admission encoded with International Classification of Diseases, Tenth Revision (ICD-10) codes; medical procedures coded with original Japanese codes; dates of admission, discharge and surgery and type of hospital (academic or non-academic). In Japan, rehabilitation is reimbursed by public health insurance. The database contains daily records of rehabilitation sessions exceeding 20 min that patients actually receive. In general, perioperative rehabilitation for lung cancer surgery involves preoperative and postoperative PT, including assessment, education, exercise therapy, early ambulation, breathing exercises and sputum clearance techniques.
This study was approved by the Institutional Review Board of The University of Tokyo. The requirement for informed consent was waived because of the anonymous nature of the data.
Study population
We selected patients aged 18 years or older who underwent surgery for non-small-cell lung cancer (NSCLC) and received PT on postoperative Day 1 or 2. Exclusion criteria were as follows: patients with Stage IV cancer, patients who received ventilator assistance before surgery, patients who started PT more than 3 days before surgery and patients who started PT on the day of surgery (because we could not determine whether these patients started PT preoperatively or postoperatively). We divided the eligible patients into those who started PT within 3 days before surgery (preoperative shortterm PT combined with postoperative PT) and those who did not receive preoperative PT (postoperative PT alone). Preoperative short-term PT was defined as preoperative PT performed within 3 days before surgery, because we focused on the feasibility of adding preoperative PT to routine clinical practice. In general, patients with lung cancer undergoing surgery were admitted 1 or 2 days before surgery at the earliest, whereas some patients were admitted 3 days before surgery if the scheduled day of surgery was Monday.
Baseline variables
We extracted the following baseline data: age, gender, body mass index, smoking status (never, former or current smoker), cancer stage (Stages I-III), Charlson comorbidity index, functional independence (independence, partial or total independence), type and extent of surgery, hospital type (academic or non-academic) and hospital volume.
Body mass index was classified into 4 categories (<18.5, 18.5-24.9, 25.0-29.9 and > _30 kg/m 2 ). The Charlson comorbidity index was calculated as a weighted index of specific comorbidities identified using ICD-10 codes based on Quan's algorithm [18] . The type of surgery was categorized as video-assisted thoracoscopic surgery or open surgery, and the extent of surgery was categorized as wedge resection, segmentectomy, lobectomy or pneumonectomy. Hospital volume was defined as the average annual number of patients undergoing lung cancer surgery in each hospital, categorized into tertiles (low, medium and high). We assigned missing values for baseline variables to a separate category.
Outcome measures
The outcomes were 30-day mortality and the incidence of PPCs. PPCs included pneumonia (ICD-10 code, J12-J18), aspiration pneumonia (J69) and respiratory failure [19] (postoperative ventilator assistance for >24 h).
Statistical analyses
We conducted propensity score matching between the preoperative PT combined with postoperative PT group and the postoperative PT-alone group. We estimated the propensity score using a logistic regression model for the receipt of preoperative PT within 3 days. We used the baseline variables and several interaction terms for the model. Binary variables for the individual comorbidities were incorporated into the model. The C-statistic for evaluating the model predicting the receipt of preoperative PT was calculated using an area under the receiver operating characteristic curve. We performed one-to-one propensity score-matched analysis using nearest neighbour matching within a caliper of 0.2 SD of pooled propensity scores [20] .
After matching, we assessed balancing of baseline variables in the matched patient groups using the standardized difference. An absolute standardized difference >10% indicated a meaningful imbalance [21] . We compared the outcomes between the preoperative PT combined with postoperative PT group and the postoperative PTalone group using the v 2 test and logistic regression. We estimated risk differences, odds ratios (ORs) and 95% confidence intervals (CIs) for the outcomes. We also analysed PPCs in subgroups according to age (<70 years or > _70 years), functional independence at admission, presence of chronic obstructive pulmonary disease (COPD) at admission and type of surgery. Furthermore, we performed 2 sensitivity analyses. First, we conducted propensity score-matched analyses using 1-2 days before surgery as the starting days of the preoperative short-term PT. Second, we used the propensity scores with inverse probability of treatment weights and calculated the ORs and 95% CIs for the incidence of PPCs.
The threshold for significance was P < 0.05. All statistical analyses were performed using IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA). Figure 1 shows the flow diagram of patient selection process. We identified 28 196 patients who received PT on postoperative Day 1 or 2 after NSCLC. Among these patients, 21 259 were eligible for this study, including 7518 patients who received postoperative PT alone and 13 741 patients who received preoperative PT within 3 days combined with postoperative PT. The median length of stay was 13 days (25th-75th percentile 10-18 days). In total, 6374 propensity score-matched pairs were generated from these patients. The C-statistic was 0.67.
RESULTS
The baseline characteristics of the unmatched and propensity score-matched groups are presented in Table 1 . Before propensity score matching, patients in the preoperative PT combined with postoperative PT group were more likely to be treated at high-volume hospitals compared with patients treated with postoperative PT alone. However, after propensity score matching, all baseline characteristics were well balanced between the groups (absolute standardized difference <10%).
Thirty-day mortality and the incidence of PPCs in the postoperative PT alone and preoperative PT combined with postoperative PT groups are compared in Table 2 . Among the propensity score-matched patients, there was no significant difference in 30-day mortality or the incidence of PPCs between the groups. The ORs and 95% CIs for 30-day mortality and the incidence of PPCs were 0.79 (0.32-1.86) and 0.84 (0.66-1.07), respectively.
The incidences of pneumonia, aspiration pneumonia and respiratory failure in the postoperative PT-alone group and the preoperative PT combined with postoperative PT group were 1.3% vs 1.0% (risk difference -0.3%, 95% CI -0.7% to 0.09%), 0.2% vs 0.2% (risk difference -0.03%, 95% CI -0.2% to 0.1%) and 1.1% vs 1.0% (risk difference -0.1%, 95% CI -0.5% to 0.2%), respectively.
The results of subgroup analyses of the effect of preoperative PT combined with postoperative PT on the incidence of PPCs in propensity score-matched patients are presented in Table 3 . There was no significant association between preoperative PT combined with postoperative PT and reduced incidence of PPCs in any subgroup analysis.
The results of both sensitivity analyses were consistent with the main result. The risk differences and 95% CIs for the incidence of PPCs between postoperative PT with and without preoperative PT starting 1 or 2 days before surgery were -0.3% (-0.9 to 0.2%) and -0.1% (-0.6 to 0.4%), respectively. The OR and 95% CI for the incidence of PPCs in inverse probability of treatment-weighted patients was 0.92 (0.76-1.12).
DISCUSSION
The present propensity score-matched analysis using data from a nationwide database in Japan compared the effects of preoperative short-term PT within 3 days combined with postoperative PT alone on postoperative outcomes in patients undergoing NSCLC. The results showed no significant differences in 30-day mortality and incidence of PPCs between postoperative PT with and without preoperative PT. To the best of our knowledge, this study was the first to examine the effects of preoperative short-term PT on 30-day mortality and the incidence of PPCs with adjustments for patient, surgery and hospital characteristics.
The results were consistent with those of 2 previous randomized trials that examined the effects of preoperative 1-week PT on the incidence of PPCs. One randomized trial (n = 60) found no incidences of postoperative pneumonia in patients with or without preoperative PT [8] . It may be difficult to perform randomized studies to detect the effect of preoperative PT on reduced postoperative mortality or incidence of PPCs because of the rarity of outcomes in these patients. However, we analysed data for 12 748 patients using a nationwide database and showed no significant difference in 30-day mortality or incidence of PPCs. Another trial (n = 19) found no significant difference in the incidence of postoperative pneumonia between patients treated with or without preoperative PT (11% vs 25%; P = 0.45) [5] . The incidence of pneumonia in our study was lower than that in this previous trial. This discrepancy may be attributable to the fact that the previous trial restricted patients with moderate or severe COPD, whereas our study included patients with or without COPD. However, our subgroup analyses showed no significant association between additional preoperative PT and a reduced incidence of PPCs in patients with or without COPD.
The duration of preoperative PT in our study was shorter than that in previous studies of preoperative PT in lung cancer patients [22, 23] . Most previous studies focused on improving exercise capacity rather than on postoperative mortality or PPCs. Although exercise capacity may be a predictor of postoperative morbidity [24] , improving exercise capacity requires training for several weeks [4, 22] , and the routine use of such a long duration of preoperative PT may be difficult for lung cancer patients [5] . Indeed, previous studies showed that few hospitals offered routine preoperative PT prior to lung cancer surgery because of a lack of time [15, 16] . More information on the effects of shortterm preoperative PT on postoperative mortality and the incidence of PPCs is thus required.
It is possible that the negative results in this study were caused by the duration of preoperative PT being too short. A previous randomized study (n = 279) demonstrated that preoperative PT for at least 2 weeks before coronary artery bypass graft surgery significantly reduced PPCs [25] , whereas another randomized study (n = 24) showed a significant reduction in PPCs following preoperative PT for 4 weeks prior to lung cancer resection [6] . Further studies are needed to clarify the duration and content of PT before lung cancer surgery to improve postoperative outcomes.
Limitations
This study had several limitations. First, this was a retrospective study without randomization. Although we adjusted for important measured confounders such as patient, surgery and hospital characteristics using propensity score-matching analysis, unmeasured confounders may still have biased the results. The C-statistic of 0.67 in this study was low; thus, unmeasured predictors of preoperative PT may have biased the results. We did not have detailed information about preoperative respiratory function and did not account for any medication or treatment apart from lung surgery. Second, the result of this study may not be applicable to any specific content of preoperative PT for lung cancer patients. We could not obtain detailed information about the contents or intensities of the PT programmes provided for the eligible patients. Third, we did not have any information about PT or instructions by other medical staff in an outpatient setting during the preoperative period. Fourth, the database does not include data on vital signs, laboratory findings or chest X-ray examinations. Fifth, our data set only included in-hospital mortality and morbidity. Studies with longerterm outcomes are needed.
CONCLUSION
In conclusion, this retrospective analysis of a nationwide database showed that preoperative short-term PT within 3 days combined with postoperative PT for patients undergoing NSCLC did not significantly reduce 30-day mortality or the incidence of PPCs compared with postoperative PT alone. Because of the lack of standardization of PT, a small difference in the effect between the groups might have been missed. Further studies are needed to clarify the duration and content of preoperative PT to improve postoperative outcomes following lung cancer surgery. Further studies are needed to clarify the duration and content of preoperative PT to improve postoperative outcomes following lung cancer surgery. 
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